Extended Minimal Routing in 2-D Meshes with Faulty Blocks by Wu, Jie & Jiang, Zhen
West Chester University
Digital Commons @ West Chester University
Computer Science College of Arts & Sciences
2004





West Chester University of Pennsylvania, zjiang@wcupa.edu
Follow this and additional works at: http://digitalcommons.wcupa.edu/compsci_facpub
Part of the Computer Sciences Commons
This Article is brought to you for free and open access by the College of Arts & Sciences at Digital Commons @ West Chester University. It has been
accepted for inclusion in Computer Science by an authorized administrator of Digital Commons @ West Chester University. For more information,
please contact wcressler@wcupa.edu.
Recommended Citation
Wu, J., & Jiang, Z. (2004). Extended Minimal Routing in 2-D Meshes with Faulty Blocks. International Journal of High Performance






















































fZNSVY^=ZI)EOJZP Q9EHiD="E="PHNBI)P GFEHGFI=ZCdEOJ}EHiMNgLNP Y~JZP ?p=Z;DI)N4JZYR?gADCXEHGFI)JK?>L[AMEONP Qm=ZQHGFI=ZCtCXSZU/PHJKADEHGF;MhGtQEHiMNBLDPHJaI)N+QHQkJZY





JK?>N4?gADCXEHGtI)JK?>L/AMEONP QceNPHN4l[ADGFCXEel/=ZQON+`JK;VEHiMNByz ¢?>N+Q i£ ¤DU	¥¦MUd¥Z¥)§zm
9QEHiMNg;vA/?slwNPJZY;MJa`MN+QGF;=yz ¢?>N+Q iGF;DI)P N+=ZQON+QUDEHiMNgI iD=Z;/I)NsJZYoYx=ZGtCFAMPHN4=ZCFQHJpGF;DI)PHN+=ZQHN+QmenkiMN4I)JK?>L/CXN)¨
;D="EHAMP N]JZY;MNE©cqJZP fTQq=ZCFQOJ4?6="fZN+Q_EHiMN+?ªjaADCF;MNP ="l[CXNqEOJB`DGFQOEHAMP l/=Z;DI)N+Qm&niMNPHNYxJZPHNZUWEHiDN="l/GFCFGXE©S4EOJ4EOJKCXNP="EONkY^=ZGFCFAMPHN
GFQ@lwN+I)JK?6Gt;MhGF;DI)P N+=ZQHGF;MhKCXSGF?>LwJZPHEH=Z;vE@Y~JZPBJZlDEH=ZGF;DGt;MhViDGXhKi=ZQ QHAMP =Z;DI)N}QOSaQOEON+?6QU&N+QOLwN+IGF=ZCFCXSGF;{EHiMN}I)JK?6?gAD;DGy
I="EHGXJK;«Q AMl/QOSaQOEON+?m
¡
NjZNP =ZCQOEHA/`DGXN+QiD=+jZNlNN+;¬I)JK;D`/ADI)EON+`­ckiDGtI i¬=ZI iDGFNjZNVYx=ZA/CXEEOJKCXNP =Z;DI)NlTS=Z`D`/GF;Mh­\^JZP
`MN+CXNEHGt;Mhab@N)¨TEOP =ffI)JK?>LwJK;MN+;vEHQ>JZY$EHiMNQOSTQHEON+?®£°¯TU¥)¤Z§zm±9JceNjZNP+U=Z`D`DGF;Dh=Z;D`­`DN+CXNEHGF;Mhff;MJa`MN+Q=Z;D`[²JZP6CFGF;DfTQ
PHN+³TADGXPHN}?>Ja`DG´[I="EHGXJK;/Q4JZYk;MNE©cqJZP fEOJZLwJKCXJZhKGXN+QgckiDGFIi?p=+SlwNpN)¨aLwN+;DQHGXjZNµ=Z;D`¶`DG·IA/CXEmV¸{NµY~JaIADQgiMNPHN}JK;
=ZI i/GXNjTGt;MhµYx=ZADCFE9EOJKCFNP =Z;DI)NpADQ GF;Mh}EHiMN6GF;DiMNP N+;WE9PHN+`DAD;/`D=Z;DI)SVLDP N+QON+;WE4Gt;yz ¹?6N+QHiMN+QUdc$GXEHiMJKAME@=Z`D`DGt;Mh}QHL/="PHN
;MJa`MN+Q=Z;D`²JZPkCFGF;MfaQm
9;ffGF?>LwJZPHEH=Z;vE$=Z;D`ffI i/=ZCFCXN+;MhKGF;DhGFQHQ AMNBGFQ$EOJµN)¨TEON+;/`I)JK?p?BAD;/GFI="EHGXJK;QHAMl/QOSaQOEON+?6Q$ckiDGtI iGF;DICFAD`DN4j="PGXJKADQ
PHJKAMEHGt;Mhs=ZCXhZJZP GFEHiD?6QREOJI)JZLwN$c$GXEHi6Y^=ZADCXE©SI)JK?6LJK;DN+;WEHQmRnJgEHiDGFQRN+;/`Uº"a»R>W)W=Z;/`x+º"6Z^"6+W)T="PHN
EHiMN]E©cqJ@fZNSaQEOJ4QHADII)N+Q QOYxA/CFCXS4N)¨aEON+;D`EHiMNN)¨MGFQOEHGF;Mh@="LDL/PHJK=ZI iMN+Q+m&¸{N$ADQON]=I)JK;WjZN)¨6QHiD="LwNJZY/Y^=ZADCXEoPHNhKGFJK;>I=ZCFCXN+`
Y^=ZADCXEuS{l[CXJTI f{=ZQsJKAMPgY^=ZADCXEs?>Ja`MN+CR=Z;/`LDP JZLJKQHNp=;MJjZN+CGF;MYxJZP ?6="EHGXJK;?6JT`MN+C_GF;cki/GFI iN+=ZI i¬;MJa`MNpGF;=yz 
?>N+QHiI)JKCFCFN+I)EHQ=Z;D`B`/GFQOEOP GXl[AMEON+Q	I)Ja`MN+`gYx=ZA/CXE&Gt;MY~JZP?6="EHGXJK;}\^P ="EHiMNPoEHiD=Z;`MNEH=ZGFCXN+`gY^=ZADCXEoGF;MYxJZP ?6="EHGXJK;b[EOJ@QHAMLDLwJZPHE
QHI=ZCF="l[GFCFGXE©SZmk¼;DCFGXfZNs?p=Z;WSVN)¨MGFQOEHGt;MhGF;DY~JZP ?p="EHGXJK;?>Ja`MN+CFQkEHiD="E9PHN+³vA/GXPHNsN+=ZIi{;MJa`MNsEOJµiD=+jZNfa;MJc$CXN+`MhZNgJZYREHiMN
N+;vEHGXPHN$;DNEuceJZPHf[UaI)Ja`MN+`6Y^=ZADCXE_Gt;MY~JZP?6="EHGXJK;6=ZQHQHJTIGF="EON+`ckGXEHi6N+=ZI iµ;MJa`MNPHNLDP N+QON+;WEHQqCFGF?6GFEON+`>hKCXJZl/=ZC[GF;MYxJZP ?6="EHGXJK;
lTSN)¨TL[CXJZP GF;MhCXJaI=ZCFGXEuSJZYk`DGFQOEHADPHl/=Z;DI)N+QgGF;EHiMN;MNEuceJZPHfm{:©E>=ZCFQOJPHN+`DA/I)N+QBEHiDNµ?6N+?>JZPHSPHN+³TADGXP N+?>N+;WE£½§EOJ
QOEOJZPHNµY^=ZADCXEGF;MYxJZP ?6="EHGXJK;¬="EN+=ZI i¾;MJT`DNZm{¸¿iMN+;­=ff`DGtQOEHAMPHl/=Z;/I)NpJaIIAMP QURJK;/CXSEHiMJKQON=rwN+I)EON+`¾;MJa`MN+QAML`D="EON
EHiMN+GXPGt;MY~JZP?6="EHGXJK;µEOJ6fZNNLGXEI)JK;DQHGFQHEON+;WEm
niDN¬)<º+^Z©XÀ")<Á +H{P JKAMEHGF;MhÂ£¥+Ã"§zU@=«QHLN+IGt=ZCY~JZP ?ÄJZYµ»~^uHZ^ZXKÁ"»©x+º)Z6Z^"/<Á +H¬P JKAMEHGF;MhMUGFQ
=¶I)JK?>LDPHJK?6GtQONlwNE©cqNN+;ÅCXJaI=ZCyuGF;DY~JZP ?p="EHGXJK;ayB=Z;D`¿hKCXJZl[=ZCyuGF;MYxJZP ?6="EHGXJK;Myzl/=ZQON+`¾="L/LDPHJK=ZI iDN+QmÆ:Ç;ÈEHiDGFQEuSTLwNJZY
PHJKAMEHGt;MhMU$=¬PHJKADEHGF;Mh¶YxAD;/I)EHGXJK;ÉGFQµ`MN)´[;MN+`¿l/=ZQON+`ÉJK;ÅIADPHPHN+;vEµ;DJT`MNZU9`MN+QOEHGF;/="EHGXJK;É;MJT`DNZU$=Z;D`ÅCFGt?6GXEON+`ÈhKCXJZl/=ZC
Y^=ZADCXEGF;MYxJZP ?6="EHGXJK;hK="EHiMNPHN+`="EEHiMN>IAMP PHN+;WE@;MJa`MNZmsnkiDGFQ9="LDLDPHJK=ZIi{`DGrwNP QkYxPHJK?Ê?6=Z;vSN)¨MGFQOEHGt;MhpJK;MN+Qc$iMNPHN
GF;MYxJZP ?6="EHGFJK;«GFQ>lDP JKAMhKiWElvS¬EHiMNiMN+=Z`MNPJZY@EHiMNPHJKADEHGF;Mh{L/=ZI fZNE{£°Ë§zU=Z;/`«EHiMNPHJKAMEHGF;Mh{Y^AD;DI)EHGFJK;¾GFQ6`DN)´[;MN+`

l/=ZQON+`JK;iMN+=Z`MNPgGF;MYxJZP ?6="EHGXJK;{=Z;/`CXJaI=ZCRQOEH="EON}JZYeEHiDNpIAMPHPHN+;vE4;MJa`MN£°Ã§zm}:Ç;EHiDGFQ4="LDL/PHJK=ZI iU&;MN+GXhKivlwJZP iMJTJT`





GF;¶EHiMN;MN+GXhKivlwJZP iMJTJT`dmniMNPHNYxJZPHNZU_CFGt?6GXEON+`ayzhKCXJZl[=ZCyuGF;MYxJZP ?6="EHGXJK;Myzl/=ZQON+`P JKAMEHGF;MhffI=Z;¬lwNµ?6JZPHNI)JKQOE>N)rN+I)EHGFjZN
EHiD=Z;µPHJKADEHGF;Mhl/=ZQON+`µJK;µhKCXJZl[=ZCwJZPkCXJaI=ZCGF;MYxJZP ?6="EHGXJK;moniMN@QH="YxNEuSvyuCXNjZN+Cyzl[=ZQON+`VPHJKADEHGF;Mh>iD=ZQlwNN+;QHADII)N+QHQHYxADCtCXS
="LDL/CtGXN+`gEOJsl/GF;/="PHSsivSvLwNP IAMlwN+Qol/ADERCXN+QHQN)·IGFN+;WERc$iMN+;>GXERGFQR`/GXPHN+I)EHCXSg="LDL/CFGXN+`gEOJs?6N+QHi>EOJZLwJKCXJZhKGXN+QqQHADI ip=ZQqyz 










GFQdI)JK;/QHGF`MNPHN+`dmd:Ç;4EHiDGFQL/="LwNP+UcqN_LDPHJjaGF`MNRQHNjZNP =ZCKN)¨aEON+;D`MN+`4Q Aa·IGXN+;vEdQH="YxNqI)JK;D`DGFEHGXJK;DQwckGXEHiDJKAMEd=Z`D`DGF;DheP JKAMEHGF;Mh
I)JK?>L/CFN)¨aGXE©SZm$niDNB;MJZEHGXJK;JZY_QHADlMyu?6GF;DGt?6=ZCwPHJKAMEHGF;DhpGFQ9=ZCFQOJGt;WEOPHJa`DADI)N+`EOJZhZNEHiMNP@ckGXEHi=Q Aa·IGXN+;vE$I)JK;D`/GXEHGXJK;m
¡










¥+aU¥+ËaU¥+Û§zms×JKQOE4="LDL/PHJK=ZI iMN+QEOP SEOJPHN+`DA/I)NBN+GXEHiDNP@EHiMN>;vAD?BlwNP$JZYe;MJK;MY^=ZADCXE©S;MJa`MN+QGF;ff=Y^=ZADCXE©Sl/CFJTI fVlvS







































û m_$Q QHAD?>N4EHi/="Ek;MJa`MN4÷GFQEHiMNsIAMPHP N+;WE;MJa`MNZU}GFQEHiMNB`MN+QOEHGF;D="EHGFJK;V;MJa`MNZUD=Z;D`Vþ}GFQ
=;MN+GXhKivlwJZPqJZY	;DJT`MN÷dmRþ>GtQeI=ZCtCXN+`=s[H^º+)flHH)X"aÁ "qckGXEHiPHN+QOLwN+I)EEOJ`DN+QOEHGF;D="EHGXJK;>GXY\þDúDbqý\÷dúDbHÚ
JZEHiMNPHc$GFQONZUaGXEqGFQeI=ZCFCXN+`}=zaZOsZTÁ "flmR|$N+QOLwN+I)EHGXjZN+CXSZUTEHiMN9I)JZP PHN+QOLwJK;D`DGF;DhsI)JK;D;MN+I)EHGF;Dhg`DGFPHN+I)EHGXJK;DQq="PHN@I=ZCFCXN+`














ß03p4W65Åp) 7	9["[ º"a»^[W~R~/x^"x XKÁX s)[WÁFH98da:q)ÀZ);7w^xR)zZ^Tq~e)TZvv 





`DGrwNPHN+;vE$`DGt?>N+;DQHGXJK;/Qmq:<;ÌoGFhKAMPHNp¥}\=TbHUwN+GXhKiWE$Yx=ZA/CXEHQB\zËTU ËvbHU\zËTU°¤abHUR\^¤MU°¤abHUR\z¯TU°¤abHU\zÃTU°¤abHUR\zTU ¯vbHUR\z¯TU ¯vbHUd=Z;D`\zËTU Ãvb







































¸{N=ZQHQHAD?6NkEHiD="EqEHiMN9`DN+QOEHGF;D="EHGXJK;pGFQ_="EeEHiMN´[P QOE_³TAD=Z`MP =Z;vE_JZYEHiDN$QOJKAMPI)NkEOJGFCFCFADQHEOP ="EON×ffØkØQmn]ceJsEuSTLwN+Q
JZYq`/GFQH="l/CXN+`;MJa`MN+Q="PHN6ADQON+`dßsTX) $=Z;D`­"_ uHHW)};DJT`MN+Q+ms¢;MJa`MNCF="lwN+CXN+`ffADQON+CXN+Q Q9GtQ9Q ADI i{=µ;MJa`MNgEHiD="E
JK;DI)NGXEoGFQ&N+;vEONPHN+`>GF;=9PHJKAMEHGF;MhMUZEHiDN;DN)¨TE?>JjZN?BADQHE&EH="fZNkN+GXEHiMNPocqN+QHEJZPRQOJKAMEHi`DGXPHN+I)EHGFJK;UZ?6="fTGt;Mh9=@?pGF;DGF?6=ZC
PHJKAMEHGt;Mh}\Gt;µEHiMN9´/P QOE³vA/=Z`MP =Z;vE)b_GF?>LwJKQHQHGXl[CXNZmÐ;MJT`DNCt="lN+CFN+`I=Z;Í°E<yzP N+=ZI iGtQ]QHADI i=;MJa`MNEHiD="E]EOJ>N+;vEONPGXE]GF;
=gPHJKAMEHGF;DhMUT=gceN+QOE]JZP]QOJKAMEHiµ?>JjZNB?BADQHEqlwN9EH="fZN+;UD?6="faGF;Mh=g?pGF;DGF?6=ZC/PHJKAMEHGF;DhgGF?6LJKQ QHGXl/CXNZm&niMN;MJa`MN9QHEH="EHADQ
\^Y^=ZADCXEuSZUvYx=ZA/CXE<yzY~P NNZUvADQON+CFN+QHQUW=Z;D`pI=Z;Í°E<yzPHN+=ZI ibI=Z;plwN`MNEONP ?6GF;DN+`EHiMPHJKAMhKi6=sCF="lwN+CFGF;MhLDPHJaI)N+`DAMP NZmØeJK;/;MN+I)EON+`








[+v4÷¾teº)"a ºflH b7kÁ+a^xB"flxffZTÁ "6"H"fl]ZTÁ Z>ZOº)ZT^"TX) L7÷«~BXKÁfl)FHADQON+CXN+QHQ >
3~º6[W>÷É~º)ZT ºH ?7@Á+a$^x6)"MxZTÁ Z}"[2:qflfl$ZTÁ ""H9º"a»^{"}"_ ©O K)7÷É~6WÁ)FH
I=Z;Í°E<yzPHN+=ZIi>c@ZDHuH9º"a»^97_T+)Ffl ;7e"[µ"_ uHHW)V[+vfl_º"fl "d]e@^@f>
niDNCF="lwN+CFGF;Mh9LDPHJaI)N+`DAMPHNYxJZP_³TAD=Z`MP =Z;vE:H:q\^EHiDNk`MN+QOEHGF;/="EHGXJK;>GFQGF;>;MJZP EHiWceN+QOE)bI=Z;plN]`MNPGXjZN+`>YxPHJK?ÆEHiD="ERYxJZP
³TAD=Z`MP =Z;vE$:$lvSN)¨aIiD=Z;MhKGF;MhµEHiMNPHJKCFN+Q$L[CF=+SZN+`fflTSN+=ZQOE@=Z;D`ceN+QOE4;MN+GXhKivlwJZP Qm@$hK=ZGF;UwEHiMN>CF="lwN+CFGF;MhpLDPHJaI)N+`DAMPHN
YxJZP$³TAD=Z`MP =Z;vE:ÇÝ¹\^: :H: beGFQ]YxPHJK?ÜJK;MNsY~JZP9³vAD=Z`DP =Z;WEk:H:@\^: b_lTSµN)¨aIiD=Z;MhKGF;DhpEHiMN4P JKCXN4JZYRADQON+CFN+QHQ=Z;D`I=Z;Í°E<yzPHN+=ZI idm








:H²:H:H:9JZPs³vA/=Z`MP =Z;vE4:H:H²:©Ý¹PHJKAMEHGt;MhMUdN+=ZI i¶;MJa`MN6I="PHP GFN+Q4EuceJQHEH="EHADQß\ Yikj`i<÷l múL nikj`i<÷l  obkckiMNP Nc nikj`i<÷l mBGFQ@YxJZP
³TAD=Z`MP =Z;vE4:H²:H:H:kP JKAMEHGF;MhV=Z;D`P nikj`i<÷l  oGFQ@YxJZPB³TAD=Z`MP =Z;vE@:H:H²:©ÝÔPHJKAMEHGt;MhMm6|kNYxNPHP Gt;MhEOJÌGXhKAMP N+Q6¥V\^lb$=Z;/`«\Ib
="hK=ZGF;U]EHiDNQOEH="EHA/QpJZYs;DJT`MN\^¤MU Ëvb>GtQ\^Y^=ZADCXE<yzYxPHNNZU]Y^=ZADCXE<yzYxPHNN"bHmÐniDNVJK;MNY~JZPff\zTU Ãvb6GFQ\^Y^=ZADCXE<yzYxPHNNZUk`DGtQH="l/CXN+`wbHU








































niDN6LDPHJTJZYqJZY]niDNJZPHN+? ¥6I=Z;lwNp`MJK;MN6I)JK;DQHEOP ADI)EHGXjZN+CXS{QOEH="P EHGF;MhVYxPHJK?ÊEHiMN}`MN+QOEHGF;/="EHGXJK;mpÔceN+QOE<yzlwJKAD;D`
?>N+QHQ ="hZNµ\QHNN>ÌoGFhKAMPHNg\=TbObYxPHJK? EHiMN>`MN+QOEHGF;D="EHGFJK;GFQ9QON+;vEY~PHJK?àEHiMN`MN+QOEHGt;D="EHGXJK;AD;WEHGtC	PHN+=ZIiDGF;Mh}EHiMNûV=¨MGFQm
niMN+;dU	EHiMN}?>N+QHQH="hZNY~JKCFCFJckQsEHiMNûff=¨MGFQ4EOJPHN+=ZI iEHiMNpJZPGXhKGF;«\QOJKADP I)N"bHm:©YEHiMN?>N+QHQH="hZNµiDGXEHQ4=Yx=ZA/CXEuSffl/CXJaIHf






QOJKAMEHiMyzlJKA/;D`¬?>N+QHQH="hZNVGF;/GXEHGF="EON+`¶Y~P JK?õEHiMNV`MN+QOEHGt;D="EHGXJK;¬=ZQ6QHiMJck;­GF;¬ÌGXhKAMP N¬\=TbHm­:<;¬Y^=ZI)EUq¸A £¥½§kiD=ZQ
QHiMJck;µEHiD="EEHiDN@PHNhKGXJK;N+;DICFJKQON+`µlvS}EHiMN4ceN+QOE<yzlwJKAD;D`=Z;/`QOJKAMEHiayzlwJKAD;D`}L/="EHi/Q]GF;DICFAD`DN+QeGt;WEONP ?6N+`DGF="EON4;MJa`MN+Q
=Z;D`JK;/CXSGF;vEONP ?>N+`/GF="EON4;MJa`MN+Q]JZYo=ZCFCd?6GF;/GF?6=ZC[L/="EHiDQ]lwNEuceNN+;VEHiDNsQOJKAMP I)N4=Z;/`V`MN+QOEHGF;/="EHGXJK;m










































JZEHiMNPsGt;MY~JZP?6="EHGXJK;U=?6GF;/GF?6=ZCPHJKAMEON6?6=S;MJZE@lwNhKAD="P =Z;vEONN+`NjZN+;GXYq=µLDP NY~NPHP N+`;DN+GXhKiWlwJZP@GFQ@QON+CFN+I)EON+`="E
N+=ZI iiMJZLµEOJc="P `DQEHiMN@`MN+QOEHGt;D="EHGXJK;moÌDJZP]N)¨M=Z?>L/CXNZUMI)JK;DQ GF`MNP]=Z;WS}?6GF;DGt?6=ZCMPHJKAMEHGt;MhBEHi/="EeYxJZPHc="P `DQeEHiMNL/=ZI fZNE
EOJp=>L/PHNY~NP PHN+`V;MN+GXhKivlwJZP+mK;DI)N@EHiDN4L/=ZIHfZNE9N+;vEONP QPHNhKGFJK;h"U/;MJ6?>JZPHNB?6GF;DGF?p=ZC[P JKAMEONsGFQLwJKQHQHGFl/CXN\=ZCFCdQHADIi




















I=ZCFCXN+`¶Á "a[W"zflJZYEHi/="EkY^=ZADCXEuSµl/CFJTI f[mÌGXhKAMPHNgËV\^lbQHiMJc$Qk=Z;VN)¨M=Z?>L/CFN4JZYlwJKAD;D`D="P GFN+QJZYR?BADCFEHGXL/CXNY^=ZADCXEuS
l/CXJaIHfaQ]YxJZPk³TAD=Z`MP =Z;vE]:]`MN+QOEHGF;D="EHGFJK;DQ@\Gm°NZmXU/ø
ZúHû











ff¥bOboJZYN+=ZI iY^=ZADCXEuS>l[CXJTI f>=Z;D`phZJBY~JZP ce="P `=ZCXJK;MhBckGXEHi
N+=ZI i`DGXPHN+I)EHGXJK;JZY =Z;/`	 `DGF?>N+;/QHGXJK;DQm$¸¿GFEHiMJKAME=Z;WSJZEHiMNP@Yx=ZA/CXEuSVl[CXJTI f[UwEHiMNLDP JZL/="hK="EHGXJK;JZY_lwJKAD;D`/="PHS
GF;MYxJZP ?6="EHGFJK;¶GtQ>Y~JZP ce="P `DN+`­;MJT`DNlvS¬;MJa`MNGF;¬N+=ZI iÈ`DGXPHN+I)EHGXJK;­A/;WEHGFC]GFEgP N+=ZI iMN+Q}=Z;­N+`MhZNVJZY9EHiMNV?>N+Q im­:©Y=









































































ÌDJZP$N)¨a=Z?6L/CXNZUD=ZQQHiDJck;GF;}ÌGXhKAMP NsËµ\^lbHUMckiMN+;µEHiMN@P JKAMEHGF;MhL/=ZI fZNEkYxPHJK?Ê\¦aúH¦Tbe?>NNEHQkEHiMN4CXJcqNPkQHN+I)EHGXJK;
JZYqÎK4JZYqYx=ZADCFEuSVl/CFJTI f©MUGXE=ZCFQOJ?>NNEHQ@ÎK4JZY_Y^=ZADCXE©SVl/CXJaIHfªOm@:©Y_EHiMNg`DN+QOEHGF;D="EHGXJK;GFQ;MJZEGF;	}gJZYRl/CFJTI fdJZP
JZYql/CFJTI fDU	EHiMN>PHJKADEHGF;MhµLDPHJaI)N+QHQ4GFQ@QHEHGFCFC&;MJK;ayuI)P GXEHGtI=ZC=Z;D`{=Z;WSffJZYeEuceJVLDPHNYxNPHPHN+`{`/GXPHN+I)EHGXJK;DQ\^LwJKQHGXEHGFjZN
=Z;D`LwJKQHGXEHGXjZN«6b]I=Z;lNgQON+CXN+I)EON+`ÚwJZEHiMNP ckGFQONZUEHiMNgPHJKAMEHGF;Mh}GFQ9I)P GXEHGFI=ZC=Z;D`EHiMNsL/=ZI fZNE4I=Z;D;MJZE9lwNBYxJZPHc="P `MN+`
EOJpLwJKQHGFEHGXjZN|m:<;VEHiDGtQI=ZQONZUwLwJKQHGXEHGXjZNõGFQkEHiMN4LDPHNYxNPHPHN+`Vl/AMEk`MNEOJKADP9`DGFPHN+I)EHGXJK;V=Z;D`LwJKQHGXEHGXjZN|öGFQEHiMNsJK;DCFS








































lTSN)¨aIiD=Z;MhKGF;MhEHiMNsP JKCXN4JZYRøff=Z;D`û[m]¸=Z;MhMÍQ;MN+I)N+QHQ ="PHSV=Z;D`Q Aa·IGXN+;vEkI)JK;D`DGFEHGXJK;I=Z;lwNsQOEH="EON+`ff=ZQkYxJKCFCXJckQß
Ô?6GF;DGF?p=ZC	PHJKADEON>Y~PHJK?· 6EOJdVN)¨MGFQOEHQ@GFYq=Z;D`ffJK;DCFSGXYq;DJVQON+³vADN+;DI)N>JZYql[CXJTI fTQN)¨MGFQOEHQEHi/="E4I)JjZNP Q 6=Z;D`2JK;





















































































































































































;DI)NeY^=ZADCXEuSBl/CXJaIHfaQ="P NI)JK;/QOEOP ADI)EON+`UWYx=ZADCFEuSvyzl/CXJaIHfvyuGF;MYxJZP ?6="EHGXJK;g=Z;D`BN)¨TEON+;D`DN+`ayuQH="YxNEuSvyuCXNjZN+CyuGF;MYxJZP ?6="EHGFJK;>;MNN+`
EOJlN`DGFQOEOP GFl/AMEON+`m}Ì/=ZADCXE©SWyzl[CXJTI fWyuGt;MY~JZP?6="EHGXJK;¾\^E©cqJffJZLDLwJKQHGFEONpI)JZP ;MNP QsJZYk=VY^=ZADCXE©S{l/CXJaIHf[b$;MNN+`DQBEOJlN`DGFQ<y
EOP GXl[AMEON+`pEOJlwJKAD;D`/="PHS>CFGF;MN+Q_JZYdYx=ZA/CXEuS6l[CXJTI fTQ\QONN@CFGt;MN+Q_GF;ÌGXhKAMPHN@ÃvbR=Z;D`}N)¨TEON+;/`MN+`ayuQH="YxNEuSvyuCXNjZN+CyuGF;DY~JZP ?p="EHGXJK;
\`DGFQHEH=Z;DI)NEOJ}EHiDNgY^=ZADCXE©Sl/CFJTI f=ZCXJK;MhµN+=ZI i`DGXPHN+I)EHGXJK;b;MNN+`/Q$EOJlwN`DGFQOEOPGXl/AMEON+`EOJ}JK;/CXS;MJa`MN+Q9lwNEuceNN+;{EuceJ
L/="P =ZCtCXN+C	lwJKAD;/`D="PHSCFGt;MN+QkJZYeN+=ZI iYx=ZADCFEuSl[CXJTI f\QONNQHiD=Z`MJcqN+`ffPHNhKGFJK;DQ@GF;ÌGXhKAMPHN6ÃvbHmniMN>QH=Z?>N>PHN+Q ADCXE=ZCFQOJ
="LDL/CtGXN+Q4EOJEHiMNµ×ffØØ¢?>Ja`MN+CmØJK?>L/="P GF;DhVckGXEHiJZEHiMNPgYx=ZADCFEBGF;MYxJZP ?6="EHGFJK;?>Ja`MN+CFQBQHADI i¬=ZQg=P JKAMEHGF;MhEH="l/CXN

































GF;MYxJZP ?6="EHGFJK;`DGFQOEOP GFl/AMEHGXJK;GFQ;MNN+`MN+`dmÖ$N)¨aEU/ceN4I)JK;DQHGF`DNPkGF;MYxJZP ?6="EHGXJK;µ`DGtQOEOP GXl/ADEHGXJK;Gt;µEHiMPHNN4N)¨aEON+;DQHGXJK;/Qm
:<;N)¨aEON+;DQHGFJK;¥"UwN+=ZI i{;DJT`MNBN)¨aIiD=Z;MhZN+Q@GXEHQ$N)¨aEON+;D`MN+`QH="Y~NE©SCXNjZN+CckGXEHiGXEHQ$Y~JKADP9;MN+GFhKiWlwJZP Qm]:<;N)¨TEON+;DQ GXJK;






niMNP NY~JZPHNZU_EHiMNN)¨MI i/=Z;MhZNVGFQgckGXEHiDGt;N+=ZI i¬P NhKGXJK;mŁQ GF?>L/CXNGF?>L/CXN+?6N+;WEH="EHGXJK;JZY$Q ADI i¬=Z;¬N)¨MI iD=Z;MhZNVQHEH="PHEHQ
YxPHJK?öEuceJpN+;/`DQ]JZYoN+=ZI iPHNhKGXJK;=Z;/`L/ADQHiDN+QEHiMN4L/="PHEHGt=ZCFCXSp=ZIIAD?gADCF="EON+`GF;MYxJZP ?6="EHGXJK;µEOJpEHiMN4JZEHiMNP$N+;D`m_n]ceJ
L/="PHEHGt=ZCFCXS=ZIIAD?BA/CF="EON+`µGF;MYxJZP ?6="EHGXJK;>L[=ZIHfZNEHQGF;/GXEHGF="EON+`>YxPHJK? EuceJBN+;D`/Q_YxJZP ?Ô=sI)JK?>L/CFNEON$L/=ZI fZNE@\^JZYdN)¨TEON+;/`MN+`
QH="YxNEuSÅCXNjZN+C4Gt;MY~JZP?6="EHGXJK;¿ckGXEHiDGt;È=¬PHNhKGFJK;wbHm¹:Ç;ÉN)¨aEON+;DQHGXJK;/QËTUJK;MN{JZP?>JZPHN;DJT`MN+Q+U9I=ZCFCFN+`È[~À"Z>[WflflU
="PHNµQON+CXN+I)EON+`¶EOJff`DGFQOEOP GFl/AMEON6GXEHQBN)¨TEON+;/`MN+`Q ="Y~NE©SCXNjZN+CeGF;MYxJZP ?6="EHGXJK;EOJff=ZCtC_;MJa`MN+QgGF;EHiMNµyz à?6N+QHiEHiDPHJKAMhKi
lDPHJK=Z`/I=ZQOEHGF;MhMm
¡








lTS6EHiMNkL[GXjZJZEe;DJT`MNZmoÕe=ZI i}L/GXjZJZE;MJa`MN$GFQeQON+CXN+I)EON+`}YxPHJK? N+=ZI iµJZYdEHiMN$Y~JKADPeQHADl/?>N+QHiMN+Q+monkiDGFQRL/PHJTI)N+Q QqI)JK;vEHGF;TAMN+Q













ß3"ò{óVòe4W65¹pfl :^xµffO"[W" pT)<Zu 9º)ZTx?>æµa)dµt@H)XZ^xÀ")»6"x:^x
HflzDH+zgò07_xa>ÓM +uHDa>Áfl)kø­<ºgk=9HuH}O:o
Â












ê|9ffffiff! ßeÞNE$ADQ$I=ZCFC	=pI=ZQONgGt;ckiDGFIiV=6Y^=ZADCXEkYx=ZCFCtQGF;vEOJ=6P Jc \I)JKCtAD?6;wb_EHi/="E$GFQgFH"ff\Gm°NZmXUckGXEHiV;MJpYx=ZADCFEkGF;
EHiMN4P Jc¹\I)JKCFAD?6;wbRlwNYxJZPHN4EHiMNsYx=ZADCFE)bq=W^d=Z;D`EHiMN4PHJc \I)JKCFA/?6;wb_lwN+I)JK?>N+Qg"~)^"m]niMNsiDGFEHQI=Z;VlwNsADQHN+`EOJ
L/="PHEHGFEHGXJK;µ>Yx=ZADCFEHQ_GF;vEOJBQOEH="hZN+Q+m_niMNEHiQHEH="hZN9I)JK;DQ GFQOEHQqJZYEHiMNkY^=ZADCXEHQe="Y~EONPeEHiMNg\6Q¥bzEHi}i/GXE_AD;vEHGFCMEHiMNEHiµiDGXEm
niMNs´/P QOE9QOEH="hZN>I)JK;DQHGFQHEHQkJZYEHiMNB´/P QHE$iDGXEUQHGF;DI)NBcqN="PHNghKAD="P =Z;vEONN+`ffEOJ}i/=+jZN>=i/GXEckiMN+;=ZCFC	PHJckQ\I)JKCFA/?6;DQ)b
="PHNpICFN+=Z;m6ÌDJZPBN+=ZI iY^=ZADCXE4`/AMP GF;Mh}EHiMNczEHiQOEH="hZNZU&EHiMNPHNp="PHN©.É¥6PHJckQ4EHiD="EsI)JK;vEH=ZGF;Y^=ZADCXEHQ@=Z;D`òd"Ï¥
ICXN+=Z;PHJc$Qm$niTADQU[Y~JZPN+=ZIiY^=ZADCXE9GF;VEHiDN«EHiQOEH="hZNZULDP JZl/="l/GFCFGFEuS}JZYR=iDGFE$GFQB\òPffiÅ¥bÅëòom9Ö9JZEONgEHi/="E$Y^=ZADCXE







































































































`DGFQ ="l/CXN+`gGXYDEHiMNPHN="P N]EuceJ@JZP_?>JZPHN]`DGFQ ="l/CXN+`BJZPRYx=ZA/CXEuSg;MN+GXhKivlJZPQ&Gt;g`/GrNP N+;WEo`DGF?>N+;/QHGXJK;DQmniD="ERGFQUK=`DGtQH="l/CXN+`
;MJa`MN@ckGFCtC[;MJZEkhZN+;MNP ="EONB=p;MNc iDGXEJK;P Jc JZP$I)JKCFAD?6;m
ÌGXhKAMP N9¤\=Tb_QHiDJckQEHiMNN)¨aLwN+I)EON+`V;vA/?slwNPeJZY&=rwN+I)EON+`PHJckQ@\=Z;D`I)JKCFAD?p;DQ)bAD;D`MNPEHiMN@=Z;D=ZCXSTEHGFI=ZCw?>Ja`MN+C
=Z;D`EHiMNsQHGF?gADCF="EON+`?>JT`DN+CY~JZP9òª¶Â"¦Z¦amnkiMN4PHN+QHA/CXEHQ]YxJZPklwJZEHiV=Z;D=ZCXSTEHGFI=ZC=Z;D`N)¨aLNPGF?>N+;vEH=ZCd="PHNsjZNP SµICFJKQONZU




LwNP I)N+;vEsJZY]PHJckQ\I)JKCtAD?6;DQ)b9="PHN=rwN+I)EON+`¶ckiMN+;EHiDN;TAD?slwNP4JZY]Y^=ZADCXEHQsPHN+=ZI iDN+Q¯"¦aU¤K¦`îLwNP I)N+;vEsckiMN+;EHiMN
;TAD?slwNP9JZYRY^=ZADCXEHQ$PHN+=ZI iMN+Qp¥¦Z¦aUd=Z;D`Ã"¦`î LwNP I)N+;vE9ckiMN+;EHiMN>;vAD?BlwNP$JZY_Yx=ZADCFEHQkPHN+=ZIiMN+Q4"¦Z¦amsni/GFQkI)JK;a´[P ?6Q
EHiMN4N)rwN+I)EHGXjZN+;MN+Q QJZYCFGF?6GFEON+`hKCFJZl/=ZC`DGFQOEOPGXl/AMEHGXJK;JZYoYx=ZA/CXE]GF;MYxJZP ?6="EHGXJK;m
ï ¼B8flæ 5>å èe08 29.ñðªäRéw5>åH0é
ÜP JKAMEHGF;MhLDPHJaI)N+QHQADQHGF;DhN+GXEHiDNPgEHiDNµQ Aa·IGXN+;vEgQ ="Y~NI)JK;D`DGFEHGXJK;¶JZP6=Z;WSJZY$GXEHQgEHiMPHNNµN)¨aEON+;DQHGXJK;/QgI=Z;¾`MN+IGF`MN
GXYEHiDNPHN}GtQg=ff?6Gt;DGF?6=ZC~²Q AMlMyu?6GF;/GF?6=ZCL/="EHi­="EEHiMNQOJKAMP I)NZm QHGF?gADCF="EHGXJK;iD=ZQlwNN+;I)JK;D`/ADI)EON+`¬EOJffEON+QOE>EHiMN
N)rwN+I)EHGXjZN+;MN+QHQ]JZY&QHADIi=>QH="Y~N@I)JK;D`/GXEHGXJK;µ=Z;D`µGXEHQEHiMPHNNN)¨aEON+;DQHGXJK;/Qm¸{N4ADQON=6"¦Z¦ó}"¦Z¦>?>N+Q iµckGXEHiP =Z;D`MJK?6CFS
hZN+;MNP ="EON+`¬Y^=ZADCXEHQ+mniDN}QOJKADP I)N}GtQB="EEHiMNµI)N+;WEONP>JZYkEHiMN?>N+QHi¶=Z;D`¬GFQsEHiDNJZP GFhKGF;JZYkEHiMN}I)JTJZP `DGt;D="EOJZP+mffniMN


























QOEOP A/I)EON+`UMYx=ZA/CXEuSvyzl/CXJaIHfvyuGF;MYxJZP ?6="EHGXJK;µ=Z;D`VN)¨TEON+;D`DN+`ayuQH="YxNEuSvyuCXNjZN+CyuGF;MYxJZP ?6="EHGFJK;V="PHN4`DGFQHEOP GXl/AMEON+`dm&9;D`µEHiMN+;UaceN
P =Z;D`DJK?6CXSpL[GFIHf}=6`MN+QOEHGF;/="EHGXJK;GF;µEHiMN´/PQOE]³vAD=Z`DP =Z;WE4\Gt;µEHiMNp¥¦Z¦6ó{¥¦Z¦QHAMl/?>N+Q iwbR=Z;D`QHiMJcÂEHiMN4LwNP I)N+;vEH="hZN
JZYEHiMNVN)¨MGFQOEON+;DI)NJZY=?6GF;DGF?p=ZC~²QHAMlMyu?pGF;DGF?6=ZCoL[="EHi«N+;DQHADPHN+`­="EpEHiMNQOJKAMP I)NZm¾nJQ GF?>L/CFGFY~S{EHiMNQHGF?gADCF="EHGXJK;U
ceN}=ZQHQ AD?>N}EHiD="EBEHiDN}QOJKADP I)N}=Z;/``MN+QHEHGF;D="EHGXJK;="PHNJKADEHQHGF`MNJZYk=Z;WSYx=ZADCFEuS{l/CXJaIHf=Z;D`EHiDN};TAD?BlNPBJZYY^=ZADCXEHQ
GF;{EHiDNpckiMJKCFNp;MNEuceJZPHfGtQs;MJ?6JZPHNpEHiD=Z;¬"¦Z¦amVÌGXhKAMP NÛQ iMJckQsEHiMN=jZNP ="hZN;vA/?slwNPsJZY`/GFQH="l/CXN+`{;DJT`MN+QBGF;
=µY^=ZADCXEuSl/CXJaIHfffAD;D`DNP9EHiDN6PHNhKADCF="P@Y^=ZADCXE©Sl[CXJTI f?>Ja`MN+C=Z;D`EHiMN6×ffØkØÏ?>JT`DN+Cm>$CXEHiDJKAMhKiffEHiMN6×{ØØÆ?>Ja`MN+C
hZN+;MNP ="EON+QkY~NceNP`DGFQ ="l/CXN+`};MJT`DN+QEHiD=Z;µEHiMNYx=ZA/CXEuSl/CXJaIHf`DJvN+Q]GF;}EONP ?pQJZYLwNP I)N+;vEH="hZNZUDEHiMN@=ZI)EHAD=ZCd;TAD?BlwNPeJZY
`DGFQ ="l/CXN+`>;MJa`MN+QRhZN+;DNP ="EON+`µ="PHNklwJZEHi6jZNP S6QH?6=ZCFCmoniMNkPHN+=ZQOJK;}GFQEHiD="EGF;>JKAMPeQHGF?gADCF="EHGXJK;dUKYx=ZA/CXEHQR="PHN$P =Z;D`MJK?6CFS
hZN+;MNP ="EON+`µ=Z;D`="PHN$Q I="EOEONPHN+`µGF;>EHiMN"¦Z¦$ó>"¦Z¦yz ÐQOL/=ZI)NZUTEHiMN$LDPHJZl/="l/GtCFGXEuSBJZYhZN+;MNP ="EHGF;DhsCF="PHhZN$Yx=ZADCFEuS>l/CXJaIHfaQ
GFQQ ?6=ZCFCmRniDNPHNY~JZP NZUDGF;EHiMN@YxJKCFCXJckGF;Mh>QHGF?gADCF="EHGFJK;DQEHiMNs`DGXrNPHN+;/I)N@lNE©cqNN+;EHiMNs×{ØØÉ?>Ja`MN+C=Z;D`VEHiMN4Y^=ZADCXEuS
l/CXJaIHfµ?>Ja`MN+CGFQGt;DQHGXhK;DGX´[I=Z;WEGF;µEONP ?pQ]JZYLwNP I)N+;vEH="hZNsJZYoEHiMN@N)¨MGFQOEON+;/I)N4JZY=6?6GF;DGt?6=ZC~²QHAMlDyu?6GF;DGF?p=ZCaL/="EHim







QHiMJckQoEHiMN]LDP JZl/="l/GFCFGFEHGXN+Q	JZY=@QH="YxNk;MN+GXhKivlwJZP&YxJZPEHiMN]hKGXjZN+;pQOJKAMP I)NZÚvEHiD="ERGFQUZEHiMNI)JZP PHN+QOLwJK;D`DGF;Dh$PHJKADEHGF;Mh9LDPHJaI)N+QHQ
N+;DQHADPHN+Q]="ECXN+=ZQOE=6Q AMlMyu?6GF;/GF?6=ZCDL[="EHi{\^N)¨TEON+;DQ GXJK;¥>\QHAMlDyu?6GF;wb=Z;D`N)¨aEON+;DQHGXJK;{¥=\QHAMlMyu?6Gt;wboGt;ÌGXhKADPHNsÛvb_="E
EHiMN]QOJKAMPI)NZmonkiMN+QONLwNP I)N+;WEH="hZN+Q_=ZCFQOJ@GF;D`DGtI="EONqEHiMNYxN+=ZQHGXl/GtCFGXEuS@JZY="LDL/CXSaGF;MhkEHiMN?6GF;DGt?6=ZC~²QHAMlDyu?6GF;DGF?p=ZCP JKAMEHGF;MhMm













































































































































































































extension 3 (level 1)
extension 3 (level 2)
extension 3 (level 3)



































extension 3a (level 1)
extension 3a (level 2)
extension 3a (level 3)
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